Mitochondria take up calcium during cell activation thus shaping Ca 2+ signalling and exocytosis.
INTRODUCTION
1; MgCl 2 , 1; glucose, 10; sodium-HEPES, 10, pH 7.4. Cells were placed into a perfusion chamber thermostatized to 37 o C under a Zeiss Axiovert 100 TV microscope and perfused at 5-10 ml/min with the test solutions, prewarmed at 37 o C. At the end of each experiment cells were permeabilized with 0.1 mM digitonin in 10 mM CaCl 2 to release all the residual aequorin counts.
Bioluminescence images (20, 21) were taken with a Hamamatsu VIM photon counting camera handled with an Argus-20 image processor and integrated for 10 s periods. Photons/cell in each image were quantified using the Hamamatsu Aquacosmos software. Total counts per cell ranged between 2·10 3 and 2·10 5 and noise was (mean±S.D.) 1±1 c.p.s per typical cell area (2000 pixels).
Values are referred to the whole cell area. Data were first quantified as rates of photoluminescence emission/total c.p.s remaining at each time and divided by the integration period (L/L TOTAL in s -1 ). Emission values of less than 4 c.p.s were not used for calculations.
Calibrations in [Ca 2+ ] were performed using the constant's values published previously (27) . A transmission image was also taken at the beginning of each experiment. Oscillation indexes were calculated as described above for fura-2 but using the L/L TOTAL (s -1 ) values. Mitochondrial NAD(P)H fluorescence (14) was measured using the same set up as for aequorin with excitation at 340±10 nm and emission at 450±40 nm. The integration period was 6 s. For these experiments 1 mM pyruvate was added to the standard medium in order to keep the cytosolic NAD in the oxidized state.
RESULTS AND DISCUSSION
To investigate whether mitochondrial [Ca 2+ ] oscillations also participate in the spontaneous activity, pituitary cells were infected with a defective herpes simplex virus vector that expresses mitochondria-targeted aequorin (4) . Photon counting imaging of these cells ( (Fig. 1E) . The hypothalamic releasing factor TRH, which enhances the rate of action potential firing (28) removal and increased by TRH (not shown), although they were much smaller than the mitochondrial ones (Fig. 1F) . This suggests the same origin for all the oscillations, but (Fig. 2C) . Cytosolic aequorin or fura-2 also reported reproducible [Ca 2+ ] c rises on repetitive stimulation (Fig. 2E) . In mitochondria the first stimulus consumed about 40 % of the total aequorin whereas each of the following ones consumed only 1-2 % and the first calibrated Ca 2+ peak was dramatically higher than the subsequent ones (Fig. 2D) . Even though there was considerable quantitative variation among cells, the qualitative behavior was similar for all the cells (see extreme examples of single-cell traces in Fig. 2C and 2D ). In cells permeabilized with digitonin and exposed to Ca 2+ buffers all the mitochondrial aequorin pool behaved homogeneously (not shown). We interpret the above results in terms of different spatial location of the two mitochondrial pools in the intact cells. The first pool (M1), probably closer to the plasma membrane, takes up large amounts of Ca 2+ that burn up all its aequorin and render it blind to subsequent stimuli. The second mitochondrial pool (M2) takes up much smaller amounts of Ca 2+ and its aequorin remains sensitive to repeated stimulation. The average sizes of M1 and M2 pools were 53 and 47%, respectively. In order to confirm that blinding of aequorin in the M1 pool was due to complete burn-up by high-[Ca 2+ ], the experiments were repeated with a mutated, low Ca 2+ affinity aequorin, reconstituted with coelenterazine n, which enables [Ca 2+ ] measurements in the 30-1000 µM range (4, 26, 27) . Now each stimulus produced a light output that, once corrected for the M1 pool size, revealed repetitive [Ca 2+ ] M peaks of about 400 µM (Fig. 2F) . At this concentration the wild typeaequorin would be >90% consumed within one second (27) . As discussed in detail elsewhere (4), 
